Data are available upon request from the authors (Leslie J. Carver and Katherine Stavropoulos), as the data involves electrophysiology of human subjects. The authors can be contacted at the following email addresses: <ljcarver@ucsd.edu>, and <katherine.stavropoulos@ucr.edu>, respectively.

Introduction {#sec001}
============

Understanding how individuals process and categorize social stimuli is important both for normative and abnormal social function. Social stimuli appear to have a privileged status in perceptual processing. Classic literature in the 1950s and 1960s led to the claim that "speech is special" based on perceptual studies comparing speech and non-speech stimuli \[[@pone.0165745.ref001]\]. It has long been argued that faces are "special" and processed differently than other types of visual stimuli \[[@pone.0165745.ref002]--[@pone.0165745.ref004]\]. More recently, it has been proposed that voices (including speech as well as other sounds made by people) are like "auditory faces" and may also be processed differently than other auditory stimuli \[[@pone.0165745.ref005], [@pone.0165745.ref006]\].

Several studies have attempted to determine whether there is a specialized response to particular kinds of auditory stimuli. Specifically, studies have compared brain responses to sounds made by animate versus inanimate sources (e.g. \[[@pone.0165745.ref007]--[@pone.0165745.ref009]\]), human-made sounds versus mechanically produced sounds (e.g. \[[@pone.0165745.ref010]\]), and human versus environmental sounds (e.g. \[[@pone.0165745.ref011], [@pone.0165745.ref012]\]). We will review findings suggesting that: 1) human voices are processed as "special," 2) all sounds made directly by humans (including non-speech sounds such as yawning) are processed as "special," and 3) sounds made by humans (even indirectly via instruments) are processed as "special."

Human Voices as Special {#sec002}
-----------------------

Groups have previously \[[@pone.0165745.ref012]\] recorded event-related brain potential (ERP) responses to human versus environmental and bird sounds while participants were engaged in a pure tone detection task. The authors observed larger amplitudes in response to human vocalizations compared to the other categories beginning as early as 164ms and peaking around 200ms. This effect was particularly evident at frontocentral electrodes FC5 and FC6. The authors termed this response the "fronto-temporal positivity to voices" (FTPV), and suggested that human voices may be processed as "special" compared to other auditory stimuli.

Other groups \[[@pone.0165745.ref013]\] compared ERP responses to frequent (distractor) stimuli that were either produced by a singer or an instrument (brass, wind, or string), while participants were instructed to respond to an infrequent (target) piano tone. The authors found differences in the ERPs elicited by human voices between 260 and 380ms after stimulus presentation. This difference was most evident at anterior, rather than posterior sites as is frequently the case with studies that utilize an oddball paradigm. This suggests that the difference between voices and instruments is likely not a P300 response to task-relevant, novel stimuli. Instead, the results of \[[@pone.0165745.ref013]\] suggest that sounds produced by the human voice may be "special" to the extent that they elicit larger amplitude ERP responses than sounds produced by other means, even when they are entirely incidental to the task. The authors \[[@pone.0165745.ref013]\] label this effect the "voice specific response" (VSR), and they suggest that perhaps because of the biological importance of human vocalizations, something akin to the P3a---which is observed in fronto-central electrodes in response to infrequent non-target stimuli often referred to as "novels" \[[@pone.0165745.ref014], [@pone.0165745.ref015]\]---occurs even when voices are not infrequently presented novel stimuli. Later investigations by the same group further investigated the VSR and found that when participants were instructed to watch a silent film during the stimulus presentations, the voice specific response was no longer present. Similarly, when participants were instructed to respond to only long (500ms) stimuli, and ignore all others, the voice specific response was absent, suggesting that the voice specific response is modulated by attention and may, at minimum, require attention to the same modality as the presented stimuli. The authors suggest that the VSR represents attention allocation on the basis of significance, rather than novelty as observed in the P3a \[[@pone.0165745.ref016]\]. Although the scalp distribution of the FTPV and VSR is similar, with an anterior focus, the primary difference between the FTPV \[[@pone.0165745.ref012]\] and the VSR appears to be latency. The FTPV peaks early, before about 200ms after stimulus presentation, whereas the VSR peaks later, closer to 300ms after stimulus onset.

Differences between brain responses to voice versus non-voice stimuli have also been observed using fMRI \[[@pone.0165745.ref017]--[@pone.0165745.ref019]\]. \[[@pone.0165745.ref017]\] compared neural responses to noise, frequency-modulated tones, reserved speech, pseudowords, and words. Regions in the superior temporal sulcus were more activated to words, pseudowords, and reversed speech compared to frequency-modulated tones. Interestingly, no significant differences were observed between the word, pseudoword, and reversed speech conditions. The authors suggest that the superior temporal gyrus responds strongly to speech sounds regardless of type. Similarly, \[[@pone.0165745.ref018]\] found selective activation of bilateral superior temporal sulci in response to speech versus both: 1) sinusoid sounds matched for mean fundamental frequency of speech, and 2) white noise sounds matched for the amplitude envelope of speech sounds. When comparing sounds by songbirds, other animals, human voices, and musical instruments, \[[@pone.0165745.ref019]\] found human speech selective clusters on the middle portion of the superior temporal cortex (including superior temporal gyri and sulci). The authors also found some musical instrument selective clusters, but no areas selective for either songbirds or other animals.

Previous studies have also utilized Magnetoencephalography (MEG) technology to investigate differential brain responses for voice versus non-voice stimuli. The authors \[[@pone.0165745.ref020]\] used identical stimuli to \[[@pone.0165745.ref013], [@pone.0165745.ref016]\] (i.e., sung tones versus instruments at the same pitch) and found a significantly larger neural response to voice versus non-voice stimuli in the sustained field (SF) MEG component, which peaks 400ms after stimulus onset. Thus, \[[@pone.0165745.ref013], [@pone.0165745.ref016], [@pone.0165745.ref020]\] all found increased neural activity for voice versus non-voice stimuli between 300-400ms after onset.

Sounds Made Directly by Humans as Special {#sec003}
-----------------------------------------

Several research groups have investigated whether human vocalizations more generally (e.g. clearing throat, cough) may be processed preferentially compared to sounds made by non-human sources \[[@pone.0165745.ref010], [@pone.0165745.ref011], [@pone.0165745.ref021], [@pone.0165745.ref022]\]. fMRI Results from \[[@pone.0165745.ref010], [@pone.0165745.ref011]\] suggest that selective activation of areas in the superior temporal sulcus (STS) is observed when comparing vocal versus non-vocal sounds. Furthermore, though regions of the STS were activated most strongly to speech versus non-speech vocalizations, both elicited more activity in the STS compared to their scrambled counterparts, which maintain the perceptual characteristics of vocalizations but are not perceived as vocalization by listeners. These findings suggest that it might not be specific auditory properties of voiced stimuli that activate these areas, but rather the conscious perception of a sound as vocal versus non-vocal (for an in depth review of the voice perception literature, see \[[@pone.0165745.ref005], [@pone.0165745.ref023]\]). \[[@pone.0165745.ref022]\] recorded fMRI responses in the prefrontal cortex to human vocalizations, animal (nonhuman) vocalizations, and non-vocal sounds (including musical instruments and environmental sounds). Results suggest that areas of the left prefrontal cortex are involved in processing the human voice specifically, and are preferentially activated even when vocal sounds do not contain linguistic information (e.g. non-speech vocalizations).

\[[@pone.0165745.ref021]\] recorded MEG responses to 70 vocal and 70 non-vocal sounds. The vocal sounds consisted of both speech (e.g., vowels) and non-speech (e.g., yawn) sounds. The non-vocal sounds consisted of animal sounds (e.g., dog bark), natural sounds (e.g., rain), and artificial sounds (e.g., bell). The authors found a significantly larger brain response for vocal sounds that peaked around 230ms that was located bilaterally in the mid-anterior portion of the STS. This component is thought to be the MEG equivalent of the FTPV described by \[[@pone.0165745.ref012]\], and provides further evidence that vocalizations made by humans (even non-speech), elicit a larger neural response than non-human sounds.

Sounds Classified by Source, each "Special" {#sec004}
-------------------------------------------

\[[@pone.0165745.ref007]\] used fMRI to identify brain regions activated by human and animal actions (living sounds) versus mechanical and environmental actions (non-living). In order to de-confound the effect of "living" sounds with speech, the authors chose to only use human produced sounds that were not speech (e.g. blowing nose, applause). The authors found that sounds produced by living things (humans or animals) activated auditory and sensorimotor regions in humans, whereas sounds produced by non-living things activated visually sensitive areas of the cortex. When the authors split the sounds into further categories (e.g. sounds made by humans versus animals), they found that human-produced sounds produced activation in the bilateral posterior superior temporal sulci regardless of task demands. The authors conclude that dissociation of cortical networks for different sound sources (broad categories of living versus non-living, and further split into animal, human, mechanical and environmental), provides support for the hypothesis that real-world sounds are categorically organized within the cortex.

\[[@pone.0165745.ref024]\] investigated electrophysiologic responses to human and animal vocalizations, as well as to environmental sounds (including musical instruments). The authors found increased neural response to human versus animal vocalizations, but did not find significant differences in waveform morphology between human vocalizations and other environmental sounds (e.g. musical instruments). \[[@pone.0165745.ref024]\] questioned the conclusion that voices are special---rather, they suggested that sounds made by conspecifics, even if made by a tool like an instrument, rather than the conspecific's vocal apparatus, garner more attention that those made by other species.

Current Study {#sec005}
-------------

Taken together, the results of previous studies suggest that humans show specialized brain responses to sounds that are made by humans. Imaging studies suggest that this brain response may be localized to the superior temporal area, where electrophysiology studies have observed "voice-specific" event-related potential (ERP) components. However, it is important to recognize that not all results support the idea that all human-made sounds are special, nor support the idea that human-made vocalizations in particular are processed uniquely. To be specific, though multiple fMRI and MEG studies have studied neural responses to vocalizations (both speech and non-speech) versus environmental sounds, we are not aware of electrophysiology studies that have utilized human made sounds comprised of speech, non-speech vocalizations, and human-made sounds that are not vocal (e.g. clapping), comparing them to particularly salient environmental sounds (e.g. car horn, telephone ring). The aim of the current study was to provide further information about electrophysiological measures of attention in response to human-made sounds when compared to salient environmental sounds.

In the current study, we utilized sounds that were either made by a person (hand clapping, laughing, humming, and a woman's voice saying, "hi baby"), or not (car horn, telephone ring, whistle blowing, and timer beeping). Although previous studies have shown components that look similar to a P300 response, few studies have employed a standard oddball paradigm and compared responses to human made versus non-human made sounds when both serve as the infrequent (target) stimulus. We chose to analyze the P300 component in the current study as P300 target amplitude is thought to broadly represent allocation of attentional resources \[[@pone.0165745.ref025]\], encoding of significance \[[@pone.0165745.ref026]\], and orienting \[[@pone.0165745.ref027], [@pone.0165745.ref028]\], and P300 latency is thought to index classification speed \[[@pone.0165745.ref026]\], particularly when tasks are relatively undemanding \[[@pone.0165745.ref025]\]. Given previous reports of the fronto-temporal positivity to voices and its relevance to investigations of whether the human voice is particularly salient \[[@pone.0165745.ref012]\], or whether all sounds made directly by humans are salient \[[@pone.0165745.ref021]\] we also analyzed that component.

Methods {#sec006}
=======

Participants {#sec007}
------------

Sixty-nine adult participants (18 males and 43 females, which reflects the distribution of our available subject pool population) were randomly assigned to one of two groups: human-made target (infrequent) or non-human made target (infrequent). All subjects were native English speakers with no history of developmental disabilities or psychiatric conditions. Participants were recruited through the University of California subject pool, and the current study was approved by the University of California, San Diego Institutional Review Board. All participants were over 18 years of age, and signed a consent form.

Task {#sec008}
----

Participants were randomly assigned to one of two conditions (human made target group, and non-human made target group), and tested in an oddball paradigm. The stimuli consisted of 8 sounds (4 human made, and 4 non-human made). Participants in both groups heard 400 trials (80% frequent, 20% infrequent). Which sounds were frequent versus infrequent differed between groups, such that individuals in the human made target group heard the human made sounds at a frequency of 20%, and non-human made sounds at a frequency of 80%, and individuals in the non-human made target group heard non-human made sounds at a frequency of 20%, and human made sounds at a frequency of 80%. Thus, each of the 4 target (infrequent) sounds were heard 20 times, and each of the non-target (frequent) sounds were heard 80 times.

The stimuli were pseudo-randomized for each group separately, with no sound occurring more than twice in a row. Participants sat in a chair about 12 inches from a computer monitor. Sounds were played out of Harmon Kadron loudspeakers attached to the monitor at 65 dB SPL. Participants were told to press a mouse button in response to the infrequent (target) sounds, and to refrain from responding to the frequent (non-target) sounds. In order to make the task clear, participants completed a short practice run during which they heard all of the frequent and infrequent sounds in the proportions outlined above. After the practice, participants were informed of any errors they had made, and could ask questions about the task.

EEG Recording and Processing {#sec009}
----------------------------

Participants wore a standard, fitted cap (Electrocap International, Eaton, OH) with electrodes placed according to the international 10--20 system. Continuous EEG was recorded with a NeuroScan 4.5 System (Compumedics, Charlotte, NC, USA) with a reference electrode at Cz and re-referenced offline to the average activity at left and right mastoids. ERPs were recorded at 33 scalp locations using silver/silver-chloride (Ag/AgCl) electrodes at standard sites (Pz, Fz, O1, O2, P3, P4, T3, T4, T5, T6, C3, C4, Cz, F3, F4, F7, F8, A1, A2) and additional sites (CPz, FCz, CP5, CP6, CP1, CP2, FC1, FC2, FC5, FC6, FP1, FP2, AF7, AF8). Electrode resistance was kept under 10kOhms. Continuous EEG was amplified with a low pass filter (70Hz), a directly coupled high pass filter (DC), and a notch filter (60Hz). The signal was digitized at a rate of 250 samples per second via an Analog-to-Digital converter. Eye movement artifacts and blinks were monitored via horizontal electrooculogram (EOG) placed at the outer canthi of each eye and vertical EOG placed above and below the left eye. The baseline period was -100 to 0ms. Data was epoched from -200 to 800ms. Trials were separated by an inter-trial interval that varied between 1800 and 2000ms in duration. Trials with incorrect behavioral responses or electrophysiological artifacts were excluded from the averages.

Artifacts were removed via a four step process. Initially, the first author visually inspected all data for drift exceeding +/-200 mV in all electrodes, high frequency noise visible in all electrodes larger than 100 μV, and all flatlined data. Following initial inspection, data was epoched and eyeblink artifacts were identified using individual component analysis (ICA). Individual components were inspected alongside epoched data, and blink components were removed. Next, we utilized a moving window peak-to-peak procedure in ERPlab \[[@pone.0165745.ref029]\]. We utilized a 200ms moving window, a 100ms window step, and a 100 mV voltage threshold.

P300 amplitude was analyzed as the mean amplitude between 200-500ms after target stimulus onset, at midline electrodes (Fz, Cz, Pz). Electrodes of interest and time windows were selected based on previous literature for the P300 \[[@pone.0165745.ref030]--[@pone.0165745.ref032]\] and FTPV \[[@pone.0165745.ref009], [@pone.0165745.ref012], [@pone.0165745.ref013], [@pone.0165745.ref016]\], respectively. Time windows were verified by visual inspection of grand averaged waveforms, as well as confirmed for single-subjects. Latency of the P300 was analyzed as the 50% fractional area latency between 200-500ms after stimulus onset, at midline electrodes (Fz, Cz, Pz). Fractional peak latency is calculated by finding peak amplitude and working backwards until the point in the waveform at which the amplitude is a specific percentage of the peak value; in this case we used 50% \[[@pone.0165745.ref033]\]. The 50% value is commonly used and thought to be most reliable \[[@pone.0165745.ref033]\]. The FTPV was analyzed as the mean amplitude between 180-280ms after target stimulus onset, at electrodes FC5 and FC6. FTPV latency was analyzed as the 50% fractional area latency between 180-280ms after stimulus onset at electrodes FC5 and FC6.

Stimuli {#sec010}
-------

Stimuli consisted of four human-made (defined here as sounds produced by a human voice or body) and four non-human made (defined here as sounds produced by a machine) sounds. The human-made sounds were the following: hands clapping, a woman humming a fixed tone, a woman saying "hi baby," and a child laughing. The non-human-made sounds were the following: a car horn, a whistle blowing, a timer beeping, and a telephone ringing. All stimuli were naturally produced and instantly recognizable, and this was the intent in our study. Consequently, these 8 natural stimuli differed in their frequency and temporal characteristics. Importantly, however, using Adobe Audition, we controlled the stimuli for duration and RMS power: duration (*M* = 573ms, *SD* = 15.1ms for human made sounds, *M* = 588ms, *SD* = 6ms for non-human made sounds), average RMS power (*M* = -22.98dB, *SD* = .99dB for human made sounds, *M* = -22.24, *SD* = .69 for non-human made sounds, RMS power during the initial 300ms (*M* = -23.33dB, *SD* = 2.11 for human made sounds, *M* = -20.77dB, *SD* = 1.60 for non-human made sounds). Additionally, all stimuli had a smooth onset envelope (using Adobe Audition) to control for onset effects. Spectrograms of the individual sounds are shown in [Fig 1](#pone.0165745.g001){ref-type="fig"}.

![Spectrograms of sounds utilized in the current study.](pone.0165745.g001){#pone.0165745.g001}

In order to confirm that differences in familiarity between sounds would not contribute to our findings, a separate group of UCSD undergraduates (N = 19, 5 male, *M* = 21.46 years, *SD* = 1.67 years) listened to our stimuli in random order and were asked to correctly identify the sound from a list with all the sounds (8 total), and rate it for familiarity on a scale of 1--10. There were no differences between human-made and non-human made sounds on accuracy, *t*(75) = 1.34 *p* = .181, *n*.*s*, or in familiarity ratings *t*(67) = .917, *p* = .362, *n*.*s*.

Analysis {#sec011}
--------

All analyses were conducted using JMP (version 11.0). Mixed effect models were utilized for all analyses, with electrode as a within subjects variable, and group as a between subjects variable. Both amplitude and latency of the ERP components of interest were measured using target sounds only for each group. Therefore, level of "sound" was nested within the group variable, as the two groups had different "target" sounds. For final analysis, participants who made errors at a rate of 2 standard deviations above the mean (see below for mean errors) were rejected due to inattention (n = 5). Three participants were excluded due to computer error. Thus, our final sample and analysis included 31 participants in the human-made target group (10 male, *M* = 23.23 years, *SD* = 6.03), and 30 in the non-human made target group (8 male, *M* = 21.25 years, *SD* = 1.93).

Results {#sec012}
=======

The average number of errors for the human-made target and non-human made target groups were both under 1% (*M* = .83 errors out of 400 trials, *SD* = 2.17; *M* = 2.43 errors out of 400 trials, *SD* = 3.33) respectively. Neither the number of accepted target trials nor the number of accepted non-target trials differed between groups (all *p*s \>.17). Age was not significantly different between groups (*p* = .09). However, due to the marginal effect of age between groups, we explored the relationship between age and ERP amplitude. Correlations were run between age and ERP amplitude---no relationship was observed (P300: *p* = .93, FTPV: *p* = .26).

FTPV {#sec013}
----

Our analysis revealed a significant effect of group *F*(1, 59) = 7.89, *p* = .006, such that the human made target group had a significantly larger FTPV compared to the non-human made target group. A significant main effect of electrode was observed *F*(1, 242) = 9.28, *p* = .002, such that the FTPV was significantly larger at FC5 versus FC6. A significant interaction between electrode and group was observed, *F*(1, 242) = 18.91, *p* \< .0001. Follow-up pairwise comparisons (bonferroni corrected) revealed a significant effect of electrode for the non-human made target group, *F*(1, 242) = 26.91, *p* \< .0001 such that electrode FC5 had a significantly larger FTPV than FC6, but no significant effect of electrode for the human made target group.

These group effects were qualified by a main effect of sound, *F*(6, 177) = 6.5, *p* \< .0001. Follow-up (bonferroni corrected) comparisons revealed that this effect was driven by a highly significant effect of sound within the human made target group (*p* \< .0001). No sound effect was found in the non-human made target group (*p* = .83). Tukey's HSD tests revealed that the "hi baby" stimulus elicited a significantly larger FTVP than clapping (*p* = .0002), and humming (*p* \< .0001), but was not significantly different than laughing (*p* = .19). Laughing was not significantly different from clapping, but was significantly larger than humming (*p* = .03). Tukey's HSD tests further revealed that in comparing sounds between groups, the "hi baby" stimulus was the only human made sound that was significantly different from each of the non human made sounds (all *p*s \> .001), though laughing elicited a marginally larger FTPV than both car horn and beeping (*p*s = .07). Grand averaged waveforms for both groups are shown in [Fig 2](#pone.0165745.g002){ref-type="fig"}. Scalp maps depicting amplitude of a calculated difference wave (human-made minus non-human made sounds) each 20ms between 120-500ms after stimulus presentation are shown in [Fig 3](#pone.0165745.g003){ref-type="fig"}.

![Grand averaged FTPV waveforms from electrodes FC5 and FC6 for both groups.\
Human made target group is shown in black, and non-human made target group in grey.](pone.0165745.g002){#pone.0165745.g002}

![Scalp maps of difference wave (human made minus non-human made sounds) between 120-500ms.](pone.0165745.g003){#pone.0165745.g003}

FTPV Latency {#sec014}
------------

Our analysis revealed a significant effect of group, *F*(1, 58.91) = 14.47, *p* = .0003, such that the human made target group had a significantly earlier FTPV versus the non-human made target group. A significant main effect of sound was also observed, *F*(6,165.4) = 2.68, *p* = .016. Follow-up (bonferroni corrected) pairwise comparisons revealed that this main effect was driven by significant differences between sounds within the human made target group (*p* = .0039). No sound effect was observed within the non-human made target group (*p* = .52). Within the human-made target group Tukey's HSD tests revealed that laughing elicited a significantly earlier FTPV compared to humming (*p* = .02). Between groups, Tukey's HSD tests revealed that both laughing and "hi baby" elicited significantly earlier FTPV responses than telephone, whistle, and car horn (all *p*s \> .02). Neither laughing nor "hi baby" were significantly different than beeping.

P300 Amplitude {#sec015}
--------------

A main effect of group was observed, *F*(1,58.02) = 22.88, *p* \< .0001, such that the human made target group had significantly larger P300 than the non-human made target group. A significant effect of electrode was observed, *F*(2,464) = 22.67, *p* \< .0001, such that the P300 was largest at electrode Pz and smallest at electrode Fz regardless of group assignment. This main effect of electrode was qualified by a significant interaction between electrode and group, *F*(2,464) = 41.74, *p* \< .0001.

In order to further analyze the differences between electrodes for each group, 2 ANOVAs were conducted for each group, a 4 (sound) by 3 (electrode) analysis. Within the non-human made target group, a main effect of electrode was observed, *F*(2,58) = 10.37, *p* = .0001, such that the P300 was largest at electrode Pz. Within the human made target group, a significant effect of electrode was observed, *F*(2,58.04) = 7.32, *p* = .001, such that the P300 was largest at electrode Fz and smallest at electrode Pz. No other significant main effects or interactions were observed. Grand averaged waveforms from both groups are shown in [Fig 4](#pone.0165745.g004){ref-type="fig"}. Grand average waveforms of each individual sound from each group are shown in [Fig 5](#pone.0165745.g005){ref-type="fig"}.

![Grand averaged P300 waveforms from midline electrodes for both groups.\
Human made target group is shown in black, and non-human made target group in grey.](pone.0165745.g004){#pone.0165745.g004}

![Grand averaged P300 waveforms for all sounds from midline electrodes.](pone.0165745.g005){#pone.0165745.g005}

P300 Latency {#sec016}
------------

A main effect of electrode was found, *F*(2,55.56), *p* \< .0001, such that the P300 occurred latest at electrode Pz. No other main effects or interactions were observed.

Discussion {#sec017}
==========

We process sounds made by conspecifics as special, and attend to them as though they are unique. Some studies have suggested that human made sounds are important because they carry social information \[[@pone.0165745.ref005], [@pone.0165745.ref023]\], whereas others have suggested that any sound that signals the need for immediate action might be given priority \[[@pone.0165745.ref024]\]. In the present study we used an oddball paradigm in which we presented human made and non-human made sounds to elicit two brain components of interest---one peaking around 250ms, and another peaking around 380ms.

By using four different human made and four non-human made sounds that are all encountered often, we hoped to clarify whether environmental importance alone (e.g., one must immediately respond to a car horn), could account for differences observed in previous studies that compared responses to human made and non-human made sounds. We hypothesized that an oddball paradigm might elicit the VSR and/or FTPV described by other authors \[[@pone.0165745.ref012], [@pone.0165745.ref013], [@pone.0165745.ref016]\]. We sought to expand upon results from those groups, and understand whether differing ERP responses to human-made stimuli would occur under different task requirements, even when not all sounds were voiced. We were particularly interested in previous authors' evidence that increased ERP responses to voiced stimuli might not be voice-specific, but might also be sensitive to other human made sounds (e.g. coughing, clearing throat, \[[@pone.0165745.ref012]\]). We hoped to replicate these results, as well as clarify whether other human made sounds that were not vocalized (e.g., clapping), might also elicit this component. We hypothesized that human made sounds would elicit a larger ERP response than non-human made environmental sounds because of their social importance. Our findings largely support this hypothesis, and suggest that human-made sounds elicit a larger ERP response in adults versus non-human made sounds, even if the non-human made sounds are highly salient.

FTPV {#sec018}
----

We found that target human made sounds elicited a larger ERP response than target non-human made sounds. The topographic distribution and time course of this activation is consistent with the FTPV described by \[[@pone.0165745.ref012]\]. \[[@pone.0165745.ref012]\] observed the increased ERP response to voice vs. environmental or bird sounds at fronto-temporal electrode sites peaking at 200ms while participants engaged in a pure tone detection task. The authors found that while speech stimuli contributed strongly to the FTPV, other non-speech vocalizations elicited a FTPV. Results of the current study suggest that although overall the FTPV is larger and occurs earlier in response to human made versus non-human made sounds, both FTPV amplitude and latency differ in response to individual sounds. The only human made sound that was significantly larger in amplitude from all non human made sounds was a woman saying, "hi baby." Similarly, though human made sounds elicited an earlier FTPV than non human made sounds, laughing and "hi baby" were the only two human made sounds that were significantly different from three of the four the non-human made sounds (laughing and "hi baby" were not significantly faster than beeping). Taken together, our findings are in agreement with those of \[[@pone.0165745.ref012]\] in that human vocalizations appear to elicit the largest and earliest FTPV response.

Although the morphology and time course of our early component is consistent with the FTPV, it is important to note that we used a markedly different task than \[[@pone.0165745.ref012]\]. In the present study, participants were asked to listen to sounds that were 500ms in duration, to press a button when they heard the target or infrequent sounds, and to inhibit responses to the nontarget (frequent) sounds. In contrast, \[[@pone.0165745.ref012]\] had participants listening to sounds of 200ms duration while simultaneously engaging in a pure tone detection task. Thus, \[[@pone.0165745.ref012]\] was directly comparing non-target stimuli (e.g., voices, bird song, and environmental sounds that were incidental to their task), while our task directly compared human-made versus non-human made sounds as target stimuli.

P300 {#sec019}
----

The topographic distribution and time course of our later component is consistent with a P300 response, as well as the voice specific response (VSR) described by \[[@pone.0165745.ref013], [@pone.0165745.ref016]\]. However, \[[@pone.0165745.ref013], [@pone.0165745.ref016]\] used wind, brass, and string instruments as well as voices as incidental non-target stimuli while participants were instructed to listen for and respond to a piano tone. Thus, the comparison of interest in previous studies was between different types of distractor sounds, which differs from the current study. Although the present study utilized different stimuli, as well as different task requirements from \[[@pone.0165745.ref013], [@pone.0165745.ref016]\], our results have interesting implications for the VSR. Our results suggest that the VSR may be less of a voice specific response, and more of a "human-made sound" response, as we found a significant effect of group (human target versus non-human target) that was not qualified by an effect of sound. Our results are consistent with studies that suggest that human made sounds are treated with special importance as suggested by \[[@pone.0165745.ref024]\]. \[[@pone.0165745.ref024]\] found nominal differences suggesting that human vocalizations elicit more neural activity compared to other sound types. However, these differences were only significant when human vocalizations were compared to animal vocalizations. Differences in stimuli, as well as task demands, may explain the differences in results.

Of particular interest is that the topographic distribution observed in the current study is consistent with the VSR for the human made target group (e.g., largest at frontal sites), but consistent with previous P300 literature for the non-human made target group (e.g., largest at parietal sites). As mentioned by \[[@pone.0165745.ref013], [@pone.0165745.ref016]\], the VSR is similar in topography and timing to the P3a, or Novelty P3 component, which is thought to be elicited to outstanding distractors within an odd-ball paradigm or stimuli that require immediate attention regardless of their task relevance, and is thought to reflect vigilance \[[@pone.0165745.ref015]\]. Thus, we cannot discount the possibility that within the current study we observed a VSR response (albeit for a set of stimuli that were expanded to non-voiced human made sounds) for the human made target group, and a P300 response for the non-human target group. That is to say, it is possible that we observed a VSR response for human-made target sounds, and a more "typical" P300 response for non-human made target sounds.

Limitations {#sec020}
-----------

The current study has limitations that should be addressed. Although we controlled our auditory stimuli for a variety of factors (e.g. RMS power, duration, and initial onset envelope), the sounds are not identical with regard to frequency characteristics and temporal variations. Thus, the possibility of effects due to acoustic differences in stimuli is not eliminated. However, our goal was to compare "natural" sounds made by humans as opposed to those not made by humans, and we intentionally used multiple instances of each category to focus on the category differences. Our study was designed to understand whether differences in ERP responses could be observed between human and non-human made sounds that were familiar and often encountered, and this goal was achieved.

Conclusions {#sec021}
===========

The present study provides information about the neural underpinnings of processing human made versus non-human made sounds. Our results suggest that these two types of sounds are processed differently in the brain---even when the non-human made sounds are considered environmentally salient. Future studies could utilize oddball paradigms to differentiate between ERP components to voiced/vocal but not voiced (e.g., cough), and non-vocal human-made stimuli (e.g., clapping). Another useful direction would be to use this paradigm to investigate whether differences in these ERP components are observed in adults with disorders related to social attention (e.g., autism spectrum disorder), as this might provide useful information about the neural underpinnings of social processing deficits.
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